Objective: The purpose of this study was to identify patient, clinical, and surgical factors that may predispose patients to anastomotic leak (AL) after large bowel surgery. Background: Anastomotic leak is still one of the most devastating complications following colorectal surgery. Knowledge about factors predisposing patients to AL is vital to its early detection, decision making for surgical time, managing preoperative risk factors, and postoperative complications. Methods: This was a prospective observational, quality improvement study in a cohort of 616 patients undergoing colorectal resection in a single institution with the main outcome being AL within 30 days postoperatively. Some of the predictor variables were age, sex, Charlson Comorbidity Index (CCI), radiation and chemotherapy, immunomodulator medications, albumin, preoperative diagnoses, surgical procedure(s), surgical technique (laparoscopic vs open), anastomotic technique (staple vs handsewn), number of major arteries ligated at surgery, surgeon's experience, presence of infectious condition at surgery, intraoperative adverse events, and functional status using 36-Item Short Form General Health Survey. Results: Of the 616 patients, 53.4% were female. The median age of the patients was 63 years and the mean body mass index was 25.9 kg/m 2 . Of them, 80.3% patients had laparoscopic surgery and 19.5% had open surgery. AL occurred in 5.7% (35) patients. In multivariate analysis, significant independent predictors for leak were anastomoses less than 10 cm from the anal verge, CCI of 3 or more, high inferior mesenteric artery ligation (above left colic artery), intraoperative complications, and being of the male sex. Conclusions: Multiple risk factors exist that predispose patients to ALs. These risk factors should be considered before and during the surgical care of colorectal patients.
tality significantly increase after AL, with mortality reported between 12% and 27%. [8] [9] [10] [11] [12] The mean length of stay in the hospital for patients with AL has been described between 36 and 39 days, approximately 4 times longer than for patients without leak. 6, 9 Multiple reoperations and stoma creation are often necessary to control the leak, which significantly increases health risks and health care costs up to 5 times that of patients with no leak. 13 Limited quantitative knowledge about risk factors for AL is available today despite numerous studies reporting the rate of AL. Most of the AL risk factors described are derived from retrospective studies or from prospective studies designed to assess new surgical techniques, technology, or medical treatments. Although AL has been an outcome variable in such studies, identifying predictors for AL has not been the primary focus. The large spectrum of colorectal diseases, the variety of surgical and medical treatment modalities, different surgical anastomotic technologies, and not least of all, lack of a universal definition for AL contribute to the complexity of studying predisposing factors for AL. As a consequence, there is no established assessment of risk schema for AL before surgical treatment nor are there solidly established guidelines for its management. Knowledge about factors predisposing to AL is the key to its early detection and improving decision making for surgical treatment time, anticipating postoperative complications, and managing preoperative risk factors.
The primary aims of this prospective observational study were (1) to identify important predictors and/or risk factors contributing to AL after large bowel resection in both laparoscopic and open surgeries and (2) to develop a predictive model for AL based on the study findings. In this article, we present only the predictors and/or risk factors contributing to AL.
METHODS
This was an institutional review board approved, prospective study of predictive factors contributing to AL. A cohort of 616 consecutive patients from the Colorectal Surgery practice at Weill Cornell Medical College-New York Presbyterian Hospital were studied from the first clinic visit and decision for surgery until 30 days after surgery. The study time period was 3 years, and patients from all 5 colorectal surgeons were included. Patients were eligible if they were 18 years of age or older and needed a laparoscopic or open large bowel resection with anastomosis as standard treatment for their medical conditions. Patients not requiring an anastomosis and special group subjects (pregnant women, prisoners, and cognitively impaired subjects) were excluded. Predictor and outcome variables were selected during the design of the study based on clinical expertise and literature review. The predictive variables collected are listed in Table 1 . Variables that were outcomes or interventions were not evaluated for Anastomotic leak in this study was defined as (1) leakage of bowel content and/or gas from the surgical connection between the 2 bowel ends into the abdomen or pelvis with either spillage and/or fluid collection around the anastomotic site or extravasation through a wound, drain site, or anus; (2) clinical manifestation causing fever, abscess, septicemia, peritonitis, and/or organ failure; and (3) confirmation by imaging technique (eg, radiograph, endoscopy, computer-ized tomography scan, magnetic resonance imaging, sonography) or by digital rectal examination or anoscopy and/or proctoscopy for low rectal anastomoses. An AL detected by imaging study only but not clinically manifested was recorded as an "asymptomatic" AL.
The Charlson Comorbidity Index (CCI) was used to evaluate preoperative comorbidities. CCI is a validated index originally developed to measure the risk of 1-year mortality attributable to a comorbidity in a longitudinal study of general hospitalized patients.
Patients were asked several questions about their comorbidities, using the CCI evaluation chart, and a CCI score was assigned prospectively before surgery ( Fig. 1 ). Three ways of measuring CCI were calculated (1) the standard CCI, (2) the age-adjusted CCI, and (3) the CCI not accounting for the preoperative diagnosis.
The 36-Item Short Form Health Survey is a validated scale with 8 domains used to provide information about the patient's functional status. The questionnaire was administered either at the clinic visit or in the hospital before surgery. These 8 domains were tested for prediction of AL.
Data were collected prospectively by 2 trained research nurses before, during, and after the surgery and entered into an electronic database created on Microsoft Access Version 3.3. After surgery, patients were followed up daily in the hospital until discharge, then at the first postoperative clinic visit within 2 to 3 weeks after hospital discharge and at 30 days after surgery. Patients with a diverting stoma as a part of the colorectal resection were followed up for several months until 30 days after the stoma was closed.
The study was powered to ensure there would be enough patients to evaluate multiple risk factors and conduct subgroup analysis (Table 1 ). This sample size was calculated using a 2-sample test of proportions with the 2 primary subgroups being AL patients with anastomoses less than 10 cm or greater than 10 cm from the anal verge. An initial sample size of 566 patients was calculated, assuming a significance level of α = 0.05, to achieve a power of 80% to detect a difference of = 0.06 between the subgroups, assuming a 10% leak in the lower anastomoses group and 4% in the upper anastomoses group. When we added the consideration of multiple factors for AL prediction, a final sample of 631 patients was calculated to be needed. The risk factors were evaluated by performing univariate and multiple binary logistic regressions, using JMP 9.0 (Cornell University, Ithaca, NY).
RESULTS
The demographic characteristics of the 616 subjects are shown in Table 2 . Body mass index was significantly different between male and female subjects, with males having a higher body mass index. Neoplasm was the leading preoperative diagnosis in 340 (55.2%) of the patients. Fifteen patients were excluded from analysis, 3 had cancelled the surgery, and in 12 patients, the surgical plan was changed. The group "Other" includes patients with preoperative diagnoses of appendicitis, small bowel obstruction, bowel perforation, and constipation. Surgical procedure details are presented in Table 3 . The most common operations were left colectomy in 213 (34.5%), right colectomy in 212 (34%), and low anterior resection in 74 (12%). Our study found clinically evident AL in 5.7% (35/616 patients) overall, with a 3% leak rate in upper anastomoses (> 10 cm from anal verge) and 13.9% leak rate in lower anastomoses (<10 cm from the anal verge), P < 0.0001. Mortality rate was 0.9% (6/616 patients) overall, whereas that of the AL group was 2/35 (5.7%), and it was significantly higher than that of the No Leak group, 4/565 (0.7%), P = 0.0428. Only in 1 patient did the AL seem to be a contributing factor for death, and this patient had a very low anastomosis with a diverting ileostomy created at the time of surgery. In this study, anastomoses 10 cm or less from the anal verge had a significantly higher leak rate [13.9% (21/151)] than those 10 cm from the anal verge [3% (14/465)]. More than half (19/35 or 51%) of all leaks were from low rectal anastomoses 6 cm or less from the anal verge. Table 4 shows only the significant findings from univariate analysis of the evaluated potential risk factors. There was no significant difference between the leak and nonleak patients in terms of age, preoperative diagnosis, laparoscopic procedure, type of surgical exposure techniques, and stapled or handsewn anastomoses. On multivariate analysis, the following were found to be independent risk factors for AL: anastomoses less than 10 cm from the anal verge; CCI of 3 or more; high ligation of inferior mesenteric artery; being of the male sex; and intraoperative complications/adverse events. The area under the curve for these variables collectively was 0.807 ( Table 5 ). None of the domains of the 36-Item Short Form Health Survey Questionnaire were found to be associated with AL. this prospective study, we described some new risk factors that have not been described before.
The impact of preoperative comorbidities on AL after colorectal resection has not been studied extensively and prospectively. Some recent colorectal studies have used CCI to measure the influence of various preoperative comorbidities on some postsurgical outcomes, but the impact of CCI on AL rate has yet to be studied. 14, 15 In this study, the overall CCI score was significantly higher in patients with leak, and patients with CCI of 3 or more were 3.5 times more likely to develop a leak than those with CCI of less than 3 (Fig. 2 ). This new finding may bring further understanding of the influence of various comorbidities on AL rate. Interestingly, when comorbidities were compared as single entities, no significant differences were detected between the leak and nonleak patients. However, when comorbidities were evaluated together as a total comorbidity burden, a significant difference between groups became obvious. This phenomenon may be explained within the nature of the index, which considers both the number and the severity level of comorbidities. 16 Another study in 2003 identified the presence of 2 or more underlying comorbidities to be an independent risk factor for AL and supports our study's concept of a cumulative effect of preoperative comorbidities. 17 The effect of comorbidities, such as diabetes and atherosclerosis on local blood flow and AL, has been described in the literature. Two studies reported diabetes as an independent predictor for AL. 5, 18 Other studies, including our own, do not find diabetes to be a significant factor for AL. This may be due to the fact that only 1.6% (10/616) of the patients in our study had insulin-dependent diabetes and no patient had diabetes with end-stage organ damage. In this sense, CCI allows for better evaluation of diabetes by appreciating its range of severity and not evaluating it only as a static binary outcome (Fig. 1 ). Use of a global index such as CCI may be a better tool for evaluation of the patient's comorbidity status before surgery and of facilitating salutary decisions for perioperative management.
Another interesting finding in this study is the effect of blood vessel ligation. At the time of surgery, we prospectively recorded the ligation of each major arterial pedicle (ileocolic, right colic, middle colic, left colic, sigmoid, and superior rectal arteries) and whether the inferior mesenteric artery was ligated above (high ligation) or below the left colic artery (low ligation) or not ligated in cases of left-sided procedures. In this study, patients with high ligation of the inferior mesenteric artery had a 3.8 times higher chance of leaking than those with low ligation. This finding most likely represents the extent of the surgical procedure in patients with left-sided surgery and with neoplasm where the dissection protocol demands more extensive lymphovascular dissection. Creating a tension-free low rectal or coloanal anastomosis with a good blood supply is often not possible without performing a high ligation of the inferior mesenteric artery and inferior mesenteric vein. Therefore, the choice of high ligation of the inferior mesenteric artery may be influenced by a variety of factors including: level of anastomosis (how much reach is needed to the rectum), degree of atherosclerosis in the mesentery, or whether or not there are intact marginal vessels in colon mesentery. In this study, we did not record inferior mesenteric vein ligation separately because it is always done when the inferior mesenteric artery is tied off. In our practice, the inferior mesenteric vein is usually ligated separately from the inferior mesenteric artery, just below the inferior boarder of the pancreas, to provide maximum reach without tension for low rectal or coloanal anastomosis. With complete devascularization of the inferior mesenteric artery (high ligation), the proximal portion of the anastomosis relies only on marginal blood flow coming from the middle colic vessels. A recent study by Nash et al 19 reported that the number of the vascular pedicles resected during colon cancer surgery is an independent factor for lymph node yield. In the same study, the authors also reported that resection of an additional pedicle had a diminishing return of lymph nodes. The current recommendation for the minimum number of lymph nodes harvested during colorectal cancer surgery, to adequately predict nodal metastases, is 12 to 15. [20] [21] [22] Our data merely suggest that extensive vascular ligation on the left side of the colon should be considered carefully in patients with risk factors for poor mesenteric blood flow in the postoperative period. Other reports have tried to quantify reduction of blood flow and colonic ischemia as factors increasing the AL rate. 23, 24 In addition, anatomical variations of the major mesenteric blood vessels and collaterals, if not appreciated at surgery, may further increase the risk of ischemia. In 5% of the population, the marginal artery of Drummond (through which the superior and inferior mesenteric arteries communicate) may be absent, and in up to 43% the connection at Griffith's point in the marginal artery of Drummond may be absent or diminutive, thus leaving the splenic flexure area at significant risk of ischemia. 25 Knowledge about anastomotic level and leak rate is important for surgical planning. The level of the anastomoses has been related to clinical and physiological outcomes especially in patients undergoing low rectal resection for rectal cancer, for example, total mesorectal excision. Frequency of bowel movements and control of continence were found to be associated with sphincter preservation and level of anastomoses during low anterior resection. 26 In a randomized multicenter trial including patients undergoing laparoscopic colorectal surgery, Rose et al 27 reported a 16.8% leak rate for anastomoses less than 10 cm from the anal verge. In our study, we experienced a similar percentage, which is consistent with the published literature.
There was no significant difference in the incidence of low rectal cancer between males and females, but the relative risk for AL in males was 2.3 times higher. Other studies have reported that the male sex is a predisposing factor for AL. [28] [29] [30] One possible explanation for this difference is a narrower pelvis in males, which makes the surgical dissection and creation of an anastomosis technically more challenging than in females.
An individual surgeon's preferences regarding anastomotic technique make it difficult to evaluate the overall effect of the operating surgeon's experience on the clinical outcome. The severity of the patient's illness and individual surgeon's case mix are also impeding factors. In this study, a surgeon's influence on the AL rate was simply evaluated by 2 variables: years of experience and board certification. We did not find significant differences among the individual surgeons in assessing these variables. Although this is hardly a complete measure of an individual surgeon's mastery of his or her craft, the surgeons in this study had already been preselected by their appointment to a university hospital faculty and by their specific interest in colon and rectal surgery. One study reported that surgeons with colorectal training were able to preserve the anal sphincter more often in patients undergoing low anterior resection (LAR) than surgeons not having this type of training (P < 0.001). 31 Read et al 32 linked a better outcome for patients undergoing surgery with rectal cancer and neoadjuvant therapy to colorectal specialty training. Another study by Prystowsky et al 33 did not find specialty training a factor influencing patient outcome. Further analyses like propensity score matching may further clarify the surgeon's influence on AL rates and overall patient outcome.
In our study, intraoperative complications were defined as unexpected adverse events (surgical or anesthetic) occurring in the operating room during the surgical time and documented in the operative and anesthetic reports at the time of surgery by the study nurse in collaboration with the surgeon and anesthesiologist. Surgical complications included injury of bowel, other organs or blood vessels, bleeding, stapling device malfunction, and others. Anesthetic complications were defined as hypotension less than 20% of the baseline measurement, or any systolic mean pressure of less than 85 mm Hg or mean arterial pressure of less than 60 mm Hg and a patient treated pharmacologically or with fluids, myocardial infarction, oxygen saturation less than 90% for more than 5 minutes, and metabolic acidosis (in patients with arterial line and any pH less than 7.30). Intraoperative bleeding was considered a complication if intraoperative blood transfusion was needed. Patients with intraoperative adverse events were 4.1 times more likely to leak than those not having complications. Other studies have also reported intraoperative adverse events as independent risk factors for AL. 5, 34 Intraoperative complications in some instances may directly affect the anastomotic creation or in other instances may cause abdominal contamination, for example, bowel injury increasing the chances of AL.
Even though this prospective study may contribute to the understanding of the AL, it is not without its limitations. The study was conducted in a large metropolitan university hospital, and there may be patient selection bias in terms of population treated, and variety and severity of colorectal conditions. In addition, this study cannot provide answers to such questions as to when a diverting stoma should be created to protect against an AL and its consequences. Surgeons should continue to use their experience and discretion when deciding to create a diverting stoma. Furthermore, in this study, the surgeon's experience was evaluated in a very limited way by using only 2 variables: experience in years and type of board certification. Irrespective of the participating surgeon's experience, we did not find any difference between the individual surgeons. This may be due to the fact that this study was not powered to establish the AL rate between surgeons. Also, we did not use parameters like case-mix index or caseload that could have contributed to a better understanding of the impact of the surgeon's experience on the AL rate. Finally, no set protocol for surveillance, such as a computerized tomography scan or other measurements beyond the standard treatment, was performed for each patient. This could have provided uniform and additional valuable information about AL. For this reason, subclinical leaks could have been missed.
This study is one of the very few prospective observational trials designed to evaluate predisposing factors for AL as the main outcome. Although some risk factors for leak have been previously reported in retrospective studies, new factors not studied before in relation to AL were evaluated in this study, such as CCI and detailed evaluation of the major arterial vessels ligated during colorectal resection. The data from this study also provide information for the development of mathematical predictive models that weight the importance of each variable.
In summary, this study found the following variables to be independent risk factors for anastomotic leak: CCI of 3 or more, level of anastomoses less than 10 cm from the anal verge, high inferior mesenteric artery ligation (above left colic artery), intraoperative complications/adverse events, and the male sex.
CONCLUSIONS
Multiple factors should be taken into consideration before and during colorectal surgery to comprehensively assess the risk for AL. In particular, the CCI is a new useful tool for the prediction of leaks and assessing preoperative comorbidities.
